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Previous laboratory experiments have provided evidence of an effect of time of day on 
glare sensation. During the tests, temporal variables and personal factors were measured 
to analyse their influence on levels of visual discomfort as the day progresses. The 
results revealed statistically significant and practically relevant tendencies towards 
greater tolerance to source luminance from artificial lighting at all times of day for 
earlier chronotypes and for participants not having ingested caffeine. No conclusive 
evidence was found for the effect of fatigue, sky condition, and prior light exposure on 
glare sensation throughout the day. These findings suggest that temporal variables and 
personal factors should be measured in conjunction with visual discomfort levels to 
explore the causes of the wide individual differences commonly associated with the 
subjective evaluation of glare sensation. 
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1. Introduction 
A previous series of experiments conducted in a controlled laboratory setting revealed a 
tendency towards greater tolerance to luminance increases in artificial lighting as the 
day progresses1. This trend was found not to be statistically related to learning, 
suggesting an effect of time of day on the subjective evaluation of glare sensation. The 
postulated temporal effect was observed to be directly linked to the independent 
variable itself (i.e., time of day); that is, as the time gap between sessions of artificial 
light exposure increased, so did the difference in the source luminance corresponding to 
reported levels of visual discomfort. In the experiments, all variables known to 
potentially influence glare (i.e., source and background luminance, position index, size 
and uniformity of the source, etc.) were controlled. Nevertheless, when luminance 
values corresponding to votes of glare sensation were regressed against the time of test 
sessions, a low coefficient of determination showed a large scatter in the results. This 
suggested that there could be other factors, not controlled through experimental 
manipulation, that could influence the reported levels of visual discomfort. Even if 
some indications of confounding variables were detected, the statistical significance and 
practical relevance of their effect was not sufficient to draw any consistent conclusion, 
thus requiring further investigation1. 
Rodriguez and Pattini 2 stated that, although it may not be feasible to completely 
eliminate the scatter commonly associated with the subjective evaluation of glare 
sensation, individual differences may be mitigated if these are systematically identified. 
In this context, various studies in the literature have investigated the role of factors that 
could be associated with personal variability in reported levels of visual discomfort. 
In controlled laboratory experiments, Phipps-Nelson et al.3 and Smoulders et al.4 found 
that, when exposing participants to an artificial lighting source producing 1,000 lux at 
the eye, subjective alertness and psychomotor vigilance tasks – i.e., sustained-attention 
and reaction-timed tasks measuring the speed of response to a visual stimulus – were 
increased, whilst sleepiness was reduced. Similarly, Boyce et al.5 detected interactions 
between visual sensation, duration of exposure, individual control of lighting, surface 
reflectance, and task characteristics. A study by Borisuit et al.6 found a potential 
connection between visual comfort and non-visual responses – that is, the metabolic 
effects of lighting stimuli affecting circadian processes and hormonal regulation7 – 
suggesting a link between visual acceptance and mood, alertness, sleepiness, prior 
daylight exposure, and time of day. Other studies focusing on the non-visual response 
system showed that, during the biological night, the sensitivity of photo-biological 
processes is significantly heightened compared to the daytime8-10. 
While the temporal and spatial aspects of daylight have been encompassed into 
climate-based modelling metrics11, temporal differences in visual response (e.g., 
seasonal, daily, and at shorter time scales) are yet to be comprehensively evaluated12. 
Therefore, based on a review of literature and on the data collected in previous 
experiments, the aim of this study consists in analysing the potential influence of 
several temporal variables (i.e., subject to changes with time of the day) and personal 
factors on the scattered results commonly associated with subjective evaluations of 
glare sensation as the day progresses. 
 
2. Method 
2.1 Experimental procedure 
Data from a previous series of laboratory tests, conducted with the experimental 
setup described in Kent et al.1, were utilised in this study. The experimental procedure 
required subjects to participate, on the same day, in four test sessions evenly distributed 
at 3-hour intervals: 
 Morning: 09:00 or 09:30 
 Afternoon A: 12:00 or 12:30 
 Afternoon B: 15:00 or 15:30 
 Evening: 18:00 or 18:30 
Since discomfort glare is a personal sensation that entails subjective methods of 
evaluation13, participants were asked to make judgments using, as benchmarks, 
adaptations of Glare Sensation Votes (GSVs)14-18: ‘Just Perceptible’, ‘Just Noticeable’, 
‘Just Uncomfortable’, and ‘Just Intolerable’. To help subjects giving consistent 
judgements and avoid individual interpretations due to the abstraction caused by the 
assessment, time descriptors were used to accompany the GSVs13, 19. 
At the beginning of the test procedure, subjects were requested to fill in a short 
questionnaire featuring demographic information (e.g., age, gender, ethnicity) and self-
evaluations of personal factors such as photosensitivity and chronotype (chronotype is 
to be intended as an attribute that reflects individual circadian phases, thus indicating at 
what time of the day physiological functions – e.g., hormone levels, body temperature, 
eating and sleeping patterns, etc. – are activated20). To assess photosensitivity, 
participants were asked questions regarding their self-evaluated sensitivity to natural 
and artificial light, their use of solar protection devices (e.g., sunglasses), their luminous 
preferences at work (e.g., bright or dim conditions), and their frequency of interaction 
with environmental controls (e.g., blinds)21. In terms of chronotype, since it was 
considered that this term may not be fully comprehended by all participants, the Munich 
Chronotype Questionnaire (MCTQ)22 was used to aid test subjects in providing 
informed judgements. 
During the sessions, participants were asked to direct their gaze towards a visual 
fixation point located at the centre of a small diffusive screen whose luminance was 
gradually increased at a constant pace. Subjects were then asked to vocally indicate 
when their sensation of visual discomfort reached each criterion of GSV due to the 
brightness of the source, which was then related to corresponding photometric values 
previously-recorded. After all four GSV judgements had been provided, participants 
were asked to complete one additional questionnaire reporting their perceived level of 
fatigue, their caffeine and food ingestion prior to the test, the prevailing sky conditions 
and the light exposure (artificial or natural) that they had experienced between test 
sessions.  
 
2.2 Statistical Analysis 
A total of 30 participants volunteered to take part to the experiments. Membership 
to the sample group was tightly controlled, as described in Kent et al.1. 
Consistent with several other discomfort glare studies2, 23-26, where feasible the data 
related to temporal variables and personal factors were reduced to dichotomous 
categories. This was to avoid making comparisons between large groups of data, whilst 
also obtaining more robust results by increasing the power of statistical tests and 
reducing the possibility of occurrence of false discoveries. However, variables that 
could potentially take on more than two values (e.g., fatigue and chronotype) were 
measured on ordinal scales, since it was considered that forcing these factors into 
dichotomous categories may have risked underestimating their effect on glare sensation. 
For all temporal variables and personal factors, consistent with previous work1, the 
source log luminance was used as the primary evaluation parameter to quantify 
subjective assessments of visual discomfort at different times of day and explore the 
bases of individual differences in glare sensation13, 23-25. In the analysis of the data, a 
large scatter appeared when the log luminance was regressed against times of the day1. 
For all variables, graphical and statistical inspection revealed that data were not 
normally distributed around the mean, thus violating one of the assumptions for a 
parametric test27. Furthermore, the non-parametric Levine’s test of homogeneity of 
variance – a test suitable for non-Gaussian distributions28 – showed no statistically 
significant differences (p≥ 0.05) between variances. Hence, non-parametric tests, 
relying on less stringent assumptions than their parametric counterparts, were adopted29. 
Inferential testing was performed for all temporal variables and personal factors 
measured during the experimental procedure, analysing the differences in source log 
luminance corresponding to each criterion of GSV across the four test sessions. 
Directionality of the hypothesis was informed by descriptive and visual inspection of 
central tendencies and graphical displays of the data30. However, if no consistent 
directionality of observed differences could be determined through preliminary 
exploratory analysis, two-tailed hypothesis testing was applied31. Initial inferential tests 
showed no statistically significant differences between subjective evaluations of glare 
sensation for all levels of visual discomfort and times of the day based on the gender, 
ethnicity and photosensitivity of test subjects. Likewise, due to the tightly controlled 
membership to the test sample, the age of participants was regarded as masked from the 
experiment, while analysis of the variation of reported food ingestion revealed no 
statistically significant or practically relevant differences between independent groups. 
Hence, consideration of these factors was excluded from this investigation. 
The statistical significance of the differences in source log luminance considered 
under dichotomous variables was evaluated using the Mann-Whitney U test. Conversely, 
statistical significance of a priori ordering effects with respect to ordered variables was 
analysed using the Jonckheere-Terpstra test. The Mann-Whitney U test is appropriate 
when variables fall under two experimental conditions and different subjects are used in 
each32. The Jonckheere-Terpstra test requires independent samples divided into ranked 
orders so as to evaluate the strength of trends within the data33. 
As null hypothesis significance testing (NHST) depends both on the size of the 
sample and on the size of the postulated effect under examination34, the emphasis of the 
inferential tests was placed primarily on the effect size (i.e., a standardised measure of 
the magnitude of the observed difference between sample groups)1 and not only on its 
statistical significance (which, particularly for uneven sample groups, could confound 
effect size and sample size). The effect size shows if the predictor variable has any 
practical relevance35, 36, and was calculated by making use of equivalence between the 
standardised measure of the difference detected between sample groups and the 
Pearson’s coefficient r, according to the following formula32, 37 : 
 
 𝐄𝐟𝐟𝐞𝐜𝐭 𝐒𝐢𝐳𝐞 =  
𝐙 𝐬𝐜𝐨𝐫𝐞
√𝐍
    (1) 
 
where N is the number of observations, and the test-statistic (Zscore) was extracted from 
the Mann-Whitney U and Jonckheere-Terpstra inferential tests. The interpretation of the 
outcome was derived from the tables provided by Ferguson38, where benchmark values 
are given for ‘small’, ‘moderate’, and ‘large’ effect sizes (r≥ 0.20, 0.50, and 0.80, 
respectively). Values below 0.20 were considered as not substantive (i.e., ‘negligible’), 
and thus not presenting a practically relevant effect. 
 
3. Results and discussion 
3.1 Fatigue 
Figures 1 and 2 present selected boxplots related to consideration of the temporal 
variable fatigue for test sessions and GSVs of particular interest. The figures provide the 
values recorded in the Afternoon B session for the ‘Just Perceptible’ Glare Sensation 
Vote (Figure 1), and in the Evening for the ‘Just Intolerable’ GSV criterion (Figure 2). 
The figures plot, on the y-axis, the source log luminance (cd/m2) and, on the x-axis, the 
self-reported levels of fatigue at which participants expressed the various GSVs. Fatigue 
is ordered according to the Samn-Perelli seven-point scale, which divides the dependent 
variable into categories of increasing magnitude39. Table 1 provides a distribution of test 
subjects based on the feeling of fatigue self-reported at each session according to the 
Samn-Perelli scale, and gives a synthetic description of each point. The seventh point of 
the scale has not been included in the figures since none of the test subjects reached that 
level of fatigue at the time of the testing. 
 
 Figure 1. Boxplots for the variable Fatigue in the Afternoon B session for ‘Just 
Perceptible’ 
 
 
Figure 2. Boxplots for the variable Fatigue in the Evening session for ‘Just Intolerable’ 
From graphical inspection of the data it can be observed that, in the Afternoon B 
session and at low levels of glare sensation (‘Just Perceptible’, Figure 1), it is difficult to 
make any univocal interpretation of the distributions of minimum, 25th percentile, 
median, 75th percentile, and maximum statistical parameters, even if a general trend 
seems to emerge for the ‘Just Perceptible’ GSV to be reported at a lower source log 
luminance with higher subjective fatigue. Conversely, in the Evening and at a greater 
level of visual discomfort (‘Just Intolerable’, Figure 2), there seems to be a much clearer 
tendency for this GSV to be reported by test subjects at a higher source log luminance 
as the magnitude of perceived fatigue increases. 
Tables 2-5 report the J-value, the test statistic (Zscore), the Monte Carlo simulated 
lower (CIL) and upper (CIU) 95% confidence intervals for the statistical significance, the 
statistical significance (p-value), and the effect size (r) for the Jonckheere-Terpstra tests. 
Initial exploratory analysis revealed no prevailing directionality of central tendencies, 
hence the alternative hypothesis supported either a direct or an inverse relationship (i.e., 
as fatigue intensifies the log luminance respectively increases or decreases) between 
variables. The effect size provides a measure of the magnitude of these relationships, 
and its sign indicates whether the trend is direct (positive) or inverse (negative). 
The two-tailed Jonckheere-Terpstra tests show evidence of only two weakly 
statistically significant differences (p≤ 0.05). Specifically, for the GSV ‘Just Perceptible’ 
during the Afternoon B session (J= 136.00, p= 0.04, r= -0.36 (small)), the results 
demonstrate a significant and practically relevant inverse relationship between fatigue 
and source log luminance. This suggests a higher tolerance to luminance levels for less 
fatigued subjects. Conversely, for the ‘Just Intolerable’ criterion during the Evening 
session (J= 245.50, p= 0.02, r= 0.40 (small)), the findings reveal a substantive direct 
relationship between variables, indicating that test subjects self-assessing to be more 
fatigued reported the ‘Just Intolerable’ GSV at higher levels of source log luminance. 
Interestingly, although results were mostly not statistically significant, some effects of 
small, yet relevant, size (0.20 ≤ r < 0.50) could be detected for all GSVs. 
 
3.2 Chronotype 
Figures 3 and 4 present selected boxplots referred to consideration of the variable 
chronotype in the Morning session for the ‘Just Perceptible’ (Figure 3) and the ‘Just 
Intolerable’ Glare Sensation Votes (Figure 4). Although the characteristics of 
chronotype depend on sleep phases (i.e., when subjects typically fall asleep and wake up 
within their circadian sleep cycles), this factor can be considered as an intrinsic personal 
trait not varying with time of the day. To identify this individual attribute, test subjects 
were requested to complete the Munich Chronotype Questionnaire (MCTQ)21, which 
categorises chronotypes using an ordinal scale ranging from ‘Extremely Early’= Type 0 
to ‘Extremely Late’= Type 6. The distribution of participants according to their self-
reported chronotype was: Type 0= 0, Type 1= 5, Type 2= 11, Type 3= 3, Type 4= 4, 
Type 5= 7, and Type 6= 0.  
Figures 3 and 4 plot, on the y-axis, the source log luminance (cd/m2) of the small 
diffusive screen at which subjects provided the Glare Sensation Votes (GSVs) and, on 
the x-axis, the chronotype reported by participants. Since no subject was self-assessed 
as extremely early or late chronotype, Types 0 and 6 have not been included in the 
figures.  
 
 
Figure 3. Boxplots for the variable Chronotype in the Morning session for ‘Just 
Perceptible’ 
 
 Figure 4. Boxplots for the variable Chronotype in the Morning session for ‘Just 
Intolerable’ 
 
Graphical inspection of statistical parameters suggests a general trend for the 
criteria of GSV to be reported at lower levels of source log luminance as the chronotype 
of participants progresses from early to late type. That is, in the morning session, earlier 
chronotype subjects seem to be associated with a higher tolerance to source luminance. 
Tables 6-9 report the J-value, the test statistic (Zscore), the Monte Carlo simulated lower 
(CIL) and upper (CIU) 95% confidence intervals for the statistical significance, the 
statistical significance (p-value), and the effect size (r) for the Jonckheere-Terpstra tests. 
Initial exploratory analysis revealed a directional inverse relationship between variables 
(i.e., earlier chronotypes tended to report GSVs at higher levels of source luminance). 
Hence, the alternative hypothesis considered only statistical significance of an inverse 
effect, and the effect size measured the magnitude of the trend.  
The consistently negative sign of the test statistic and of the effect size is coherent 
with the adoption of a one-tailed test of significance. The inferential analysis provides 
evidence that the inverse relationship between chronotype and source log luminance is 
significant (p≤ 0.01) in four cases and weakly significant (p≤ 0.05) in six cases out of 16. 
The results also indicate a consistently substantive magnitude of the effect of 
chronotype for all Glare Sensation Votes and test sessions, showing 14 small but 
practically relevant effect sizes (0.20 ≤ r < 0.50). The inferential results therefore seem 
to confirm the initial exploratory findings, providing statistically and practically 
significant evidence to the hypothesis that earlier chronotype test subjects were able to 
tolerate higher levels of source log luminance for all levels of visual discomfort and at 
all times of the day. Across all GSVs, no statistically significant differences were found 
for the Afternoon A session, this resulting in the only two negligible (r< 0.20) effect 
sizes detected (r= -0.16 for ‘Just Uncomfortable’, and r= -0.14 for ‘Just Intolerable’). 
 
3.3 Caffeine ingestion 
Figures 5 and 6 present selected boxplots taking into account the temporal 
variable caffeine ingestion. Similar to all other dichotomous variables, the figures plot, 
on the y-axis, the source log luminance (cd/m2) at which subjects reported the various 
GSVs and, on the x-axis, the different test sessions binary coded, in this case, as 
follows: ‘No Caffeine’= 0, and ‘Caffeine’= 1. So, for example, the ‘Morn. 0’ and ‘Morn. 
1’ groups feature the data from the Morning session given by participants who declared 
to have not ingested (0) or to have ingested (1) caffeine before the test (or between test 
sessions). 
 
 Figure 5. Boxplots for the variable Caffeine Ingestion and for ‘Just Perceptible’ 
 
 
Figure 6. Boxplots for the variable Caffeine Ingestion and for ‘Just Intolerable’ 
 
Graphical inspection of the distribution of data reveals a tendency for the 
statistical parameters to correspond to higher levels of source log luminance for the ‘No 
Caffeine’ group (binary coded as 0) at each level of glare sensation and at all times of 
the day. 
Tables 10-13 provide, for every GSV criterion, the sample size (N) of the 
dichotomous groups (x0 corresponding to the ‘No Caffeine’ and x1 to the ‘Caffeine’ 
group), the medians (Mdn) and interquartile ranges (IQR) of the log luminance at each 
session, the median difference (Mdn, ‘No Caffeine’ vs. ‘Caffeine’) between the groups 
and the outcome of its statistical significance (NHST, p-value calculated with a one-
tailed test), the mean rank for the groups, the Mann-Whitney test statistic (U), and the 
effect size (r). 
Analysis of descriptive statistics (ΔMdn) suggests that test subjects featured in 
the ‘No Caffeine’ group show higher tolerance to the source log luminance for all Glare 
Sensation Votes and at each time of the day. In fact, the difference ΔMdn in median log 
luminance between the ‘No Caffeine’ and the ‘Caffeine’ groups is always positive, 
hence supporting the directionality of the initial alternative hypothesis and justifying the 
adoption of a one-tailed Mann-Whitney U test of significance. The results of the 
inferential tests indicate that differences across the independent variable are significant 
(p≤ 0.01) in one case and weakly significant (p≤ 0.05) in eight out of 16 cases. The 
outcomes also demonstrate that the differences over the temporal variable are 
substantive, with small but practically relevant effect sizes (0.20 ≤ r < 0.50) detected in 
all but one case (r=-0.18 for the 'Just Intolerable' criterion in the Afternoon B session). 
With respect to the interpretation of the results, contrary to the previous Jonckheere-
Terpstra tests, it is important to note that the sign of the effect size is not used here to 
indicate whether the relationship between variables is inverse or direct. The Mann-
Whitney U, in fact, is a rank-order test used for assessing differences between the 
distributions of two independent groups when they are combined into a single sample31. 
When ranking the data for the two groups, the test compares the ranks of one group to 
the average ranks of both groups to determine if the ranks of each of the two samples 
are significantly different. In so doing, the test takes the lowest sum of ranks as the test 
statistic U, which is then converted to a Zscore for the calculation of the effect size. Since 
the test statistic U is set to equal the smaller of the two adjusted sums of ranks (and the 
lowest sum of ranks will be evidently lower than the average ranks), in a one-tailed test 
the sign of the Zscore will always be negative (as will the effect size, which therefore has 
to be interpreted in its absolute value). In these tests, the directionality of the difference 
between groups is ascertained by looking at the boxplots of distributions, this supported 
by inspection of descriptive statistics (e.g., ΔMdn). As a matter of fact, although means 
or medians are not part of the procedures for obtaining and testing the test statistic, the 
Mann-Whitney U is considered as a powerful tool for indirectly measuring differences 
between these parameters40. 
 
3.4 Sky condition 
Figures 7 and 8 present selected boxplots related to consideration of the variable 
sky condition. The prevailing sky condition before the start of (or between) test sessions 
was reported by participants and binary coded as: ‘Clear Sky’= 0 and ‘Overcast’= 1. 
Test subjects were advised to include partially cloudy conditions under the ‘Clear Sky’ 
option. 
 
 
Figure 7. Boxplots for the variable Sky Condition and for ‘Just Perceptible’ 
 
 Figure 8. Boxplots for the variable Sky Condition and for  ‘Just Intolerable’ 
 
Graphical inspection of statistical parameters does not lead to any univocal 
interpretation of a prevailing tendency for any of the Glare Sensation Votes.  
Tables 14-17 report the sample size (N) of the dichotomous groups (x0 
corresponding to the ‘Clear Sky’ and x1 to the ‘Overcast’ group), the medians (Mdn) and 
interquartile ranges (IQR) of the log luminance for all times of the day, the median 
difference (Mdn, ‘Clear Sky’ vs. ‘Overcast’) between the groups and the outcome of its 
statistical significance (NHST, p-value calculated with a two-tailed test), the mean rank 
for the x0 and x1 groups, the test statistic (U), and the effect size (r). 
The two-tailed Mann-Whitney U tests did not detect any statistically significant 
differences across the 16 cases considered. However, the effects over the independent 
variable are practically relevant (r≥ 0.20) in five cases. In particular, the Morning 
session corresponds to substantive effect sizes for differences between independent 
groups across all GSV criteria (p= 0.19 CI [0.18, 0.20], r= 0.25 for ‘Just Perceptible’; 
p= 0.19 CI [0.17, 0.19], r= 0.24 for ‘Just Noticeable’; p= 0.19 CI [0.18, 0.20]; r= 0.24 
for ‘Just Uncomfortable’; and, p= 0.23 CI [0.22, 0.24]; r= 0.22 for ‘Just Intolerable’). 
3.5 Prior light exposure 
Figures 9 and 10 present selected boxplots referred to consideration of prior light 
exposure. To account for the influence of this variable, subjects were asked questions 
related to the lighting conditions they had experienced before or between test sessions, 
for example investigating whether their luminous environment was predominantly 
artificial or daylit, or whether they had sat next to a window with access to daylight. 
The dichotomous groups have been coded as: ‘Artificial Light’= 0 and ‘Daylight’= 1. 
 
 
Figure 9. Boxplots for the variable Prior Light Exposure and for ‘Just Perceptible’ 
 
 Figure 10. Boxplots for the variable Prior Light Exposure and for ‘Just Intolerable’ 
 
Graphical inspection of statistical parameters does not lead to the identification 
of a univocal and consistent prevailing tendency, although the distribution of data seems 
to suggest that, for some test sessions, subjects who had been previously exposed to a 
daylit environment reported votes of glare sensation at higher levels of log luminance. 
Tables 18-21 provide the sample size (N) of groups (x0 corresponding to the 
‘Artificial Light’ and x1 to the ‘Daylight’ group), the medians (Mdn) and interquartile 
ranges (IQR) of the log luminance at each session, the median difference (Mdn, 
‘Artificial Light’ vs. ‘Daylight’) between groups and the outcome of its statistical 
significance (NHST, p-value calculated with a two-tailed Mann-Whitney test), the mean 
rank for the x0 and x1 groups, the test statistics (U), and the effect size (r). 
Analysis of the median differences (Mdn, ‘Artificial Light’ vs. ‘Daylight’) 
shows that subjects exposed to daylight before the tests reported the GSVs at a higher 
source log luminance across the various times of the day, with two exceptions. In fact, 
ΔMdn are always negative but in the Afternoon B session for the ‘Just Uncomfortable’ 
(ΔMdn= 0.21) and ‘Just Intolerable’ (ΔMdn= 0.11) Glare Sensation Votes. However, 
inferential statistics show detected differences being weakly significant (p≤ 0.05) only 
in two out of 16 cases, both corresponding to the Morning session for the highest levels 
of visual discomfort. In these cases, statistically significant differences between the 
independent groups indicate a higher tolerance to source log luminance for participants 
having been previously exposed to daylight with a substantive effect size (p= 0.02 CI 
[0.02, 0.03], r= -0.40 for ‘Just Uncomfortable’; and p=0.03 CI [0.03, 0.04], r=-0.39 for 
‘Just Intolerable’). Similar to the results obtained for the sky condition, the Morning 
session consistently corresponds to practically relevant effect sizes, although the 
detected differences related to the GSV criteria of ‘Just Perceptible’ and ‘Just 
Noticeable’ are not statistically significant (respectively, p= 0.23 CI [0.22, 0.24], and p= 
0.08 CI [0.07, 0.09]). 
 
4. Discussion 
In interpreting the results of the graphical, descriptive, and inferential analyses, it should 
be considered that between-subject tests (e.g., Jonckheere-Terpstra and Mann-Whitney 
U) are less likely to detect statistical significance than repeated-measures tests (e.g., 
Wilcoxon-Matched Pairs). This is generally due to the individual differences between 
subjects that can be controlled (albeit not totally eliminated) by homogeneous samples41.  
Conversely, practical relevance (effect size) is independent of the size of sample groups, 
although it is not always a direct reflection of statistical significance42. It is indeed 
possible for a difference to be statistically significant (that is, unlikely to happen by 
chance) but trivial in its magnitude (r< 0.20), whilst a result may be substantive (r≥ 
0.20) even if outside the conventional boundaries of statistical significance34, 43. 
Since the effect size provides a standardised measure of the magnitude of the 
differences between sample groups, it can be considered as a credible estimator of the 
scatter that, in previous analysis1, was observed when regressing the source log 
luminance at which test subjects provided their subjective vote of visual discomfort 
against the independent variable (time of the day).  
Figure 11 graphically summarizes the effect sizes detected for each GSV 
criterion reported by participants (y-axis, on the left) related to consideration of 
temporal variables and personal factors (y-axis, on the right), and times of the day (x-
axis). 
 
 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
Figure 11. Effect sizes for all GSV criteria, variables, and test sessions 
 
Figure 11 can help in the visualisation of the influences of temporal variables 
and personal factors on the subjective evaluation of glare sensation at different times of 
day. It should be noted that the sign of the effect size is retained in this figure so as to 
account for the two-tailed directionality of the effect in the cases of the variables fatigue, 
sky condition, and prior light exposure. Conversely, for the factors chronotype and 
caffeine ingestion, the consistently negative sign of the effect sizes substantiates the 
application of one-tailed alternative hypotheses, resulting from the initial graphical 
inspection of statistical parameters and supported by the analysis of descriptive statistics. 
In Figure 11, the temporal trends for both the fatigue and chronotype variables follow a 
pattern similar to that found for other proxies such as cognitive performance and body 
temperature. This is typically exemplified by the ‘post-lunch dip’, apparent from 12:00 
to 14:00 hours and creating a drop in individuals’ productivity44, 45. This 
characterisation can be observed by the evident decrease of the effect sizes at the 
Afternoon A sessions (12:00 or 12:30) with respect to the Morning (9:00 or 9:30). More 
specifically in terms of chronotype, the inferential analysis provided significant and 
substantive evidence that earlier chronotypes were able to tolerate higher levels of 
source log luminance at all times of the day. Consideration of the variation of effect 
sizes at different test sessions leads to hypothesise that the influence of chronotype on 
the subjective evaluation of glare sensation reduces around midday before increasing 
again in the early afternoon with the same directionality of the effect (that is, earlier 
chronotypes seem to tolerate higher levels of source luminance for the same reported 
level of visual discomfort). 
The effect of caffeine ingestion on glare sensation is relatively consistent across 
the day (i.e., test subjects featured in the ‘No Caffeine’ group appear to be more tolerant 
to source luminance at all levels of visual discomfort and at all times of the day), 
although this influence is less substantive during the Afternoon B session 
(corresponding at a time after lunch, 15:00 or 15:30). This signals that the practical 
relevance of the inverse effect of caffeine ingestion over tolerance to source luminance 
for all criteria of glare sensation reduces in the early afternoon with respect to other 
times of day. However, it must be remembered that all the detected differences related 
to consideration of this temporal variable across all GSV criteria were not statistically 
significant in the Afternoon B session. 
Lastly, both sky condition and prior light exposure show practically relevant effect 
sizes (r≥ 0.20) almost exclusively in the Morning session. From the literature, there is 
evidence to suggest that early morning daylight exposure from 7am to 8am is important 
to induce alerting effects46. In addition, bright light exposure in the first hours of the day 
is known to contribute to melatonin (the ‘sleep’ hormone) suppression47. The results 
obtained seem to confirm that, given the ranges of the independent variable (time of the 
day) considered in this study, the early morning would likely be the period where access 
to natural light (which is clearly related to prevailing sky conditions) would be most 
influential on the reported levels of visual discomfort. 
 
5. Conclusions, limitations and future work 
 
This study, performed under controlled laboratory conditions, has investigated the 
influence of several temporal variables and personal factors on the subjective evaluation 
of glare sensation from an artificial lighting source at different times of the day. The 
main conclusions that can be drawn from the analysis are: 
 Statistically significant and practically relevant evidence suggests that earlier 
chronotype test subjects were able to tolerate higher levels of source luminance for 
the same reported criteria of visual discomfort at all times of the day. This influence 
was found to decrease in magnitude in the middle of the day before increasing 
again in the early afternoon. 
 Consideration of caffeine ingestion identified some statistically significant and 
practically relevant effects leading to an hypothesis that  there is higher tolerance to 
source luminance across all criteria of glare sensation throughout the day for 
subjects not having ingested caffeine. This influence appeared to be less substantive 
in the early afternoon, although inferential analysis of the data did not lead to any 
statistically significant evidence at this time of day. 
 Analysis of the results based on age, gender, ethnicity, food ingestion, and self-
assessed photosensitivity of participants did not show any statistically significant 
difference between subjective evaluations of glare sensation at all levels of visual 
discomfort and for all the test sessions. 
 Although some statistically and practically significant differences were detected, 
the results did not bring any conclusive and consistent evidence of the influence of 
fatigue, sky conditions, and prior light exposure on individual glare sensation at 
different levels of visual discomfort and times of the day. However, consideration 
of variation of effect sizes led to an hypothesis that early morning exposure to 
daylight would be most influential on the subjective evaluation of glare sensation. 
 
 In contextualising the influences detected, some methodological and experimental 
limitations should be considered. First of all, most variables were measured as 
dichotomous rather on a continuous, ordinal or interval scale, thus possibly masking 
some characteristics of their true effects. Also, daylight hours varied across subjects due 
to the tests having been performed between February and March. Therefore, caution 
should be used in inspecting the data, particularly at the Afternoon B and Evening 
sessions for the prior light exposure and sky condition variables.  
 In interpreting the results, it must also be taken into account that some (or all) of 
the temporal variables considered may have a high correlation with each other; for 
example, caffeine ingestion may influence the self-assessment of fatigue, or prior light 
exposure may be linked to sky condition. Therefore, it may be challenging to 
systematically isolate from experimental and statistical examination the direct influence 
of individual variables on the subjective evaluation of discomfort glare as the day 
progresses. 
 Nevertheless, the findings of this study clearly indicate that temporal variables 
and personal factors should be taken into consideration in the investigation of the 
potential effect of time of the day on visual discomfort, and measured in conjunction 
with votes of glare sensation so as to increase the likelihood of detecting the effect of 
interest. This will also contribute to explore the potential causes of scatter previously 
found when regressing reported levels of visual discomfort against times of the day1. 
Finally, it must be acknowledged that all the findings presented and discussed in this 
study were derived from a laboratory setting under artificial lighting conditions. On-
going investigations, with larger sample sizes and in a test room with direct access to 
daylight, are furthering the exploration of the complexity of the influences detected. 
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Figure captions 
Figure 1. Boxplots for the variable Fatigue in the Afternoon B session for ‘Just 
Perceptible’ 
Figure 2. Boxplots for the variable Fatigue in the Evening session for ‘Just Intolerable’ 
Figure 3. Boxplots for the variable Chronotype in the Morning session for ‘Just 
Perceptible’ 
Figure 4. Boxplots for the variable Chronotype in the Morning session for ‘Just 
Intolerable’ 
Figure 5. Boxplots for the variable Caffeine Ingestion for ‘Just Perceptible’ 
Figure 6. Boxplots for the variable Caffeine Ingestion and for ‘Just Intolerable’ 
Figure 7. Boxplots for the variable Sky Condition and for ‘Just Perceptible’ 
Figure 8. Boxplots for the variable Sky Condition and for ‘Just Intolerable’ 
Figure 9. Boxplots for the variable Prior Light Exposure and for ‘Just Perceptible’ 
Figure 10. Boxplots for the variable Prior Light Exposure and for ‘Just Intolerable’ 
Figure 11. Effect sizes for all GSV criteria, variables, and test sessions 
 
 
  
Table 1. Samn-Perelli distribution of test subjects 
Time of the 
Day 
1 2 3 4 5 6 7 
Fully alert, 
wide awake 
Very lively, 
responsive, 
but not at 
peak 
Okay, 
somewhat 
fresh 
A little 
tired, less 
than fresh 
Moderately 
tired, let 
down 
Extremely 
tired, very 
difficult to 
concentrate 
Completely 
exhausted, 
unable to 
function 
effectively 
Morning 1 5 11 8 5 0 0 
Afternoon A 8 10 7 5 0 0 0 
Afternoon B 5 6 7 7 4 1 0 
Evening 1 9 4 7 8 1 0 
 
  
Table 2. Jonckheere-Terpstra test for ‘Just Perceptible’ 
Time of the Day J-value Test Statistic CIL CIU 
p-value 
(two-tailed) 
Effect Size 
(r) 
Morning 131.00 -1.65 0.09 0.10 0.10 n.s. -0.30 
Afternoon A 162.00 -0.48 0.62 0.64 0.63 n.s. -0.09 
Afternoon B 136.00 -1.99 0.03 0.04 0.04* -0.36 
Evening 192.00 0.30 0.75 0.78 0.76 n.s. 0.05 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 3. Jonckheere-Terpstra test for ‘Just Noticeable’ 
Time of the Day J-value Test Statistic CIL CIU 
p-value 
(two-tailed) 
Effect Size 
(r) 
Morning 131.50 -1.62 0.09 0.10 0.10 n.s. -0.30 
Afternoon A 164.00 -0.48 0.62 0.65 0.63 n.s. -0.08 
Afternoon B 154.50 -1.34 0.17 0.19 0.18 n.s. -0.24 
Evening 217.50 1.19 0.22 0.24 0.23 n.s. 0.22 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 4. Jonckheere-Terpstra test for ‘Just Uncomfortable’ 
Time of the Day J-value Test Statistic CIL CIU 
p-value 
(two-tailed) 
Effect Size 
(r) 
Morning 138.50 -1.37 0.17 0.18 0.17 n.s -0.25 
Afternoon A 166.00 -0.34 0.72 0.74 0.73 n.s. -0.06 
Afternoon B 179.50 -0.47 0.62 0.64 0.63 n.s. -0.09 
Evening 236.00 1.85 0.05 0.06 0.06 n.s. 0.34 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 5. Jonckheere-Terpstra test for ‘Just Intolerable’ 
Time of the Day J-value Test Statistic CIL CIU 
p-value 
(two-tailed) 
Effect Size 
(r) 
Morning 173.50 -0.12 0.90 0.92 0.90 n.s. -0.02 
Afternoon A 171.00 -0.16 0.86 0.88 0.87 n.s. -0.03 
Afternoon B 197.00 0.33 0.74 0.76 0.75 n.s. 0.06 
Evening 245.50 2.18 0.02 0.03 0.02* 0.40 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
 
  
Table 6. Jonckheere-Terpstra test for ‘Just Perceptible’ 
Time of the 
Day 
J-value Test Statistic CIL CIU 
p-value 
(one-tailed) 
Effect Size 
(r) 
Morning 127.00 -2.03 0.01 0.03 0.02* -0.37 
Afternoon A 151.50 -1.17 0.11 0.13 0.12 n.s. -0.21 
Afternoon B 125.50 -2.08 0.01 0.02 0.01** -0.38 
Evening 147.50 -1.30 0.08 0.10 0.09 n.s. -0.24 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 7. Jonckheere-Terpstra test for ‘Just Noticeable’ 
Time of the 
Day 
J-value Test Statistic CIL CIU 
p-value 
(one-tailed) 
Effect Size 
(r) 
Morning 127.00 -2.03 0.02 0.03 0.02* -0.37 
Afternoon A 150.00 -1.22 0.10 0.12 0.11 n.s. -0.22 
Afternoon B 126.00 -2.06 0.01 0.02 0.01** -0.37 
Evening 128.00 -1.99 0.01 0.02 0.02* -0.36 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 8. Jonckheere-Terpstra test for ‘Just Uncomfortable’ 
Time of the 
Day 
J-value Test Statistic CIL CIU 
p-value 
(one-tailed) 
Effect Size 
(r) 
Morning 115.50 -2.43 0.00 0.01 0.01** -0.44 
Afternoon A 160.50 -0.85 0.18 0.20 0.20 n.s. -0.16 
Afternoon B 128.00 -1.99 0.02 0.03 0.02* -0.36 
Evening 138.00 -1.64 0.04 0.06 0.05* -0.30 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 9. Jonckheere-Terpstra test for ‘Just Intolerable’ 
Time of the 
Day 
J-value Test Statistic CIL CIU 
p-value 
(one-tailed) 
Effect Size 
(r) 
Morning 125.00 -2.10 0.01 0.02 0.01** -0.38 
Afternoon A 163.00 -0.76 0.09 0.12 0.11 n.s. -0.14 
Afternoon B 144.00 -1.43 0.06 0.08 0.07 n.s. -0.26 
Evening 139.00 -1.60 0.04 0.06 0.05* -0.29 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 10. Mann-Whitney U test for ‘Just Perceptible’ 
Time of the 
Day 
N 
(x0, x1) 
No Caffeine 
Mdn (IQR) 
Caffeine 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U 
Effect 
Size (r) 
Morning (17, 13) 2.79 (0.11) 2.76 (0.19) 0.02 n.s. 17.06 13.46 82.00 -0.20 
Afternoon A (13, 17) 2.88 (0.13) 2.82 (0.09) 0.06** 19.46 12.47 59.00 -0.38 
Afternoon B (9, 21) 2.91 (0.24) 2.84 (0.11) 0.07 n.s. 18.89 14.05 60.50 -0.26 
Evening (8, 22) 2.96 (0.23) 2.87 (0.15) 0.09 n.s. 19.25 14.14 62.00 -0.24 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 11. Mann-Whitney U test for ‘Just Noticeable’ 
Time of the 
Day 
N  
(x0, x1) 
No Caffeine 
Mdn (IQR) 
Caffeine 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U 
Effect 
Size (r) 
Morning (17, 13) 2.93 (0.15) 2.83 (0.36) 0.10* 18.06 12.15 67.00 -0.33 
Afternoon A (13, 17) 3.11 (0.23) 2.99 (0.09) 0.12* 18.92 12.88 66.00 -0.34 
Afternoon B (9, 21) 3.26 (0.30) 3.01 (0.35) 0.25 n.s. 18.33 14.29 69.00 -0.21 
Evening (8, 22) 3.24 (0.25) 3.07 (0.17) 0.17* 19.88 13.91 53.00 -0.30 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 12. Mann-Whitney U test for ‘Just Uncomfortable’ 
Time of the 
Day 
N 
(x0, x1) 
No Caffeine 
Mdn (IQR) 
Caffeine 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (17, 13) 3.17 (0.25) 2.98 (0.37) 0.19* 17.85 12.42 70.50 -0.31 
Afternoon A (13, 17) 3.40 (0.36) 3.20 (0.23) 0.21* 19.04 12.79 64.50 -0.35 
Afternoon B (9, 21) 3.51 (0.48) 3.30 (0.42) 0.21 n.s. 18.61 14.17 67.50 -0.24 
Evening (8, 22) 3.48 (0.24) 3.28 (0.40) 0.20* 20.38 13.73 49.00 -0.33 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 13. Mann-Whitney U test for ‘Just Intolerable’ 
Time of the 
Day 
N 
(x0, x1) 
No Caffeine 
Mdn (IQR) 
Caffeine 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (17, 13) 3.37 (0.34) 3.27 (0.43) 0.10 n.s. 17.50 12.88 76.50 -0.26 
Afternoon A (13, 17) 3.67 (0.51) 3.49 (0.31) 0.18* 18.73 13.03 68.50 -0.32 
Afternoon B (9, 21) 3.73 (0.42) 3.60 (0.38) 0.13 n.s. 17.89 14.48 73.00 -0.18 
Evening (8, 22) 3.72 (0.18) 3.55 (0.39) 0.17* 19.94 13.89 52.50 -0.30 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
 
  
Table 14. Mann-Whitney U test for ‘Just Perceptible’ 
Time of the 
Day 
N  
(x0, x1) 
Clear Sky 
Mdn (IQR) 
Overcast 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(xo) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (12, 18) 2.81 (0.18) 2.78 (0.10) 0.03 n.s. 17.31 13.43 83.00 0.25 
Afternoon A (19, 11) 2.84 (0.08) 2.87 (0.10) -0.03 n.s. 15.37 15.73 102.00 -0.02 
Afternoon B (21, 9) 2.85 (0.19) 2.88 (0.20) -0.03 n.s. 16.00 14.33 84.00 0.09 
Evening (18, 12) 2.89 (0.23) 2.90 (0.15) -0.01 n.s. 15.50 15.50 108.00 0.00 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 15. Mann-Whitney U test for ‘Just Noticeable’ 
Time of the 
Day 
N  
(x0, x1) 
Clear Sky 
Mdn (IQR) 
Overcast 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (12, 18) 2.95 (0.27) 2.85 (0.14) 0.09 n.s. 17.96 13.86 78.50 0.24 
Afternoon A (19, 11) 3.02 (0.23) 3.01 (0.23) 0.01 n.s. 15.79 15.00 99.00 0.04 
Afternoon B (21, 9) 3.01 (0.33) 3.08 (0.21) -0.08 n.s. 15.43 15.67 93.00 -0.01 
Evening (18, 12) 3.08 (0.24) 3.10 (0.24) -0.03 n.s. 14.53 16.96 90.50 -0.14 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 16. Mann-Whitney U test for ‘Just Uncomfortable’ 
Time of the 
Day 
N 
(x0, x1) 
Clear Sky 
Mdn (IQR) 
Overcast 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (12, 18) 3.18 (0.25) 3.01 (0.14) 0.18 n.s. 18.00 13.83 73.00 0.24 
Afternoon A (19, 11) 3.34 (0.28) 3.21 (0.35) 0.13 n.s. 17.12 14.26 89.50 0.16 
Afternoon B (21, 9) 3.27 (0.43) 3.48 (0.30) -0.22 n.s. 14.90 16.89 82.00 -0.10 
Evening (18, 12) 3.33 (0.29) 3.40 (0.35) -0.07 n.s. 14.94 16.33 98.00 -0.08 
*p≤0.05; **p≤0.01;***p≤0.001; n.s.= not significant 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 17. Mann-Whitney U test for ‘Just Intolerable’ 
Time of the 
Day 
N  
(x0, x1) 
Clear Sky 
Mdn (IQR) 
Overcast 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (12, 18) 3.45 (0.39) 3.29 (0.28) 0.16 n.s. 17.79 13.97 80.50 0.22 
Afternoon A (19, 11) 3.59 (0.32) 3.49 (0.33) 0.09 n.s. 17.77 13.76 81.00 0.23 
Afternoon B (21, 9) 3.61 (0.42) 3.72 (0.22) -0.11 n.s. 15.24 16.11 89.00 -0.05 
Evening (18, 12) 3.60 (0.35) 3.66 (0.37) -0.06 n.s. 14.94 16.33 98.00 -0.08 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
 
  
Table 18. Mann-Whitney U test for ‘Just Perceptible’ 
Time of the 
Day 
N 
(x0, x1) 
Artificial 
Mdn (IQR) 
Daylight 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (7, 23) 2.78 (0.01) 2.81 (0.18) -0.03 n.s. 11.71 16.65 54.00 -0.26 
Afternoon A (16, 14) 2.83 (0.12) 2.86 (0.07) -0.03 n.s. 14.03 17.18 88.50 -0.19 
Afternoon B (15, 15) 2.85 (0.20) 2.86 (0.16) -0.01 n.s. 14.73 16.27 101.00 -0.07 
Evening (22, 8) 2.88 (0.17) 2.92 (0.17) -0.05 n.s. 14.95 17.00 76.00 -0.06 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 19. Mann-Whitney U test for ‘Just Noticeable’ 
Time of the 
Day 
N 
(x0, x1) 
Artificial 
Mdn (IQR) 
Daylight 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (7, 23) 2.86 (0.07) 2.97 (0.34) -0.11 n.s. 10.29 17.09 44.00 -0.30 
Afternoon A (16, 14) 2.99 (0.27) 3.05 (0.21) -0.06 n.s. 13.91 17.32 86.50 -0.16 
Afternoon B (15, 15) 3.06 (0.37) 3.08 (0.28) -0.03 n.s. 14.93 16.07 104.00 -0.06 
Evening (22, 8) 3.08 (0.23) 3.13 (0.23) -0.06 n.s. 14.66 17.81 69.50 -0.16 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 20. Mann-Whitney U test for ‘Just Uncomfortable’ 
Time of the 
Day 
N 
(x0, x1) 
Artificial 
Mdn (IQR) 
Daylight 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (7, 23) 3.02 (0.11) 3.18 (0.34) -0.17* 9.07 17.46 35.50 -0.40 
Afternoon A (16, 14) 3.24 (0.37) 3.34 (0.20) -0.10 n.s. 14.69 16.43 99.00 -0.11 
Afternoon B (15, 15) 3.51 (0.54) 3.30 (0.35) 0.21 n.s. 16.20 14.80 102.00 0.08 
Evening (22, 8) 3.34 (0.37) 3.41 (0.37) -0.07 n.s. 14.43 18.44 64.50 -0.20 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
  
Table 21. Mann-Whitney U test for ‘Just Intolerable’ 
Time of the 
Day 
N 
(x0, x1) 
Artificial 
Mdn (IQR) 
Daylight 
Mdn (IQR) 
ΔMdnNHST 
Mean 
Rank(x0) 
Mean 
Rank(x1) 
U-value 
Effect 
Size (r) 
Morning (7, 23) 3.17 (0.26) 3.42 (0.35) -0.25* 9.29 17.39 37.00 -0.39 
Afternoon A (16, 14) 3.49 (0.45) 3.60 (0.21) -0.10 n.s. 15.19 15.86 107.00 -0.04 
Afternoon B (15, 15) 3.72 (0.71) 3.61 (0.30) 0.11 n.s. 15.83 15.17 107.50 0.04 
Evening (22, 8) 3.62 (0.37) 3.66 (0.44) -0.04 n.s. 14.93 17.06 75.50 -0.11 
***p≤0.001; **p≤0.01; *p≤0.05; n.s.= not significant (p>0.05) 
r<0.20= negligible; 0.20≤r<0.50= small; 0.50≤r<0.80= moderate; r≥0.80= large 
 
 
